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https://doi.org/10.1016/j.hpb.2017.08.016 HPBORIGINAL ARTICLEUtility of drain fluid amylase measurement on the first
postoperative day after distal pancreatectomy
David G. Vass1, James Hodson2, John Isaac1, Ravi Marudanayagam1, Darius F. Mirza1, Paolo Muiesan1,
Keith Roberts1 & Robert P. Sutcliffe1
1Hepatobiliary and Pancreatic Surgery Unit, Queen Elizabeth Hospital, and 2Institute of Translational Medicine, University Hospitals
Birmingham, Birmingham, UKAbstract
Background: Early exclusion of a postoperative pancreatic fistula (POPF) may facilitate earlier drain
removal in selected patients after distal pancreatectomy. The purpose of this study was to evaluate the
role of first postoperative day drain fluid amylase (DFA1) measurement to predict POPF.
Methods: Patients in whom DFA1 was measured after distal pancreatectomy were identified from a
prospectively maintained database over a five-year period. A cut-off value of DFA1 was derived using
ROC analysis, which yielded sensitivity and negative predictive value of 100% for excluding POPF.
Results: DFA1 was available in 53 of 138 (38%) patients who underwent distal pancreatectomy. 19 of
53 patients (36%) developed a pancreatic fistula (Grade A – 15, Grade B – 3, Grade C – 1). Median DFA1
was significantly higher in those who developed a pancreatic fistula (5473; range 613–28,450) compared
those without (802; range 57–2350). p < 0.0001. Using ROC analysis, a DFA1 less than 600 excluded
pancreatic fistula with a sensitivity of 100% (AUROC of 0.91; SE = 0.04, p < 0.001).
Conclusion: First postoperative day drain fluid amylase measurement may have a role in excluding
pancreatic fistula after distal pancreatectomy. Such patients may be suitable for earlier drain removal.Received 1 November 2016; accepted 2 August 2017Correspondence
David G. Vass, Hepatobiliary and Pancreatic Surgery Unit, Queen Elizabeth Hospital, Edgbaston,
Birmingham, B152TH, UK. E-mail: david.g.vass@hotmail.co.ukIntroduction
Over the past decade there has been progressive reduction in
the mortality following pancreatic resection which has been
due to improvements in perioperative care and centralisation
of services.1,2 Despite these advances, morbidity remains high
and is predominately due to post-operative pancreatic fistula
(POPF) which develops in 16–28% of3 patients. This may lead
to complications including intra-abdominal collections, sepsis
and secondary haemorrhage and death.4,5 In 2005 the Inter-
national Society Group for Pancreatic Fistulas (ISGPF) pro-
vided a uniform way of grading and reporting POPF6 which
has greatly reduced discrepancies in defining POPF between
institutions.
There is good evidence that peritoneal drains after major
abdominal surgery are not only unnecessary but may also be
harmful.7 However, due to the potential consequences of a
pancreatic fistula, the vast majority of surgeons insert a peri-
anastomotic drain after major pancreatic resection. In a multi-
centre randomised clinical trial, Van Buren et al. reported aHPB 2018, -, 1–6 © 2017 Published by E
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(2018), https://doi.org/10.1016/j.hpb.2017.08.016significant increase in mortality after pancreaticoduodenectomy
in patients without drains.7 Selective early drain removal has
been shown to significantly reduce the risk of infectious com-
plications after pancreaticoduodenectomy,9 and has been suc-
cessfully incorporated into enhanced recovery pathways.9 Several
studies have confirmed that measurement of drain fluid amylase
on the first postoperative day (DFA1) after pancreaticoduode-
nectomy can accurately stratify patients at risk of pancreatic
fistula, and may identify low risk patients who are suitable for
early drain removal.10 In contrast, there is limited evidence that
DFA1 has clinical utility after distal pancreatectomy. The aim of
this study was to evaluate the utility of DFA1 in excluding POPF
in patients undergoing distal pancreatectomy.Materials and methods
Patients who underwent distal pancreatectomy were identified
from a prospectively maintained database between January 2010
and March 2016. Electronic case records were reviewed and pa-
tients who had a DFA1 measured were selected for further study.lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.
easurement on the first postoperative day after distal pancreatectomy, HPB
2 HPBDrain fluid amylase was measured at the discretion of the oper-
ating surgeon and was not considered standard practice in the
institution. Data regarding patient demographics, surgical
approach, postoperative complications and histology were
collected. POPF was defined and classified according to the ISGPF
scheme. Patients who underwent both laparoscopic and open
procedures were included in the study. At termination of surgery, a
left sided drain was placed adjacent to the pancreatic transection
site. Patients entered an enhanced recovery program with early
mobilisation and return to normal diet as tolerated with low
molecular weight heparin administered until discharge. Drains
were removed if pancreatic fistula was excluded by a drain fluid
amylase content less than 300 iU on the third post-operative day.
Patients with a confirmed pancreatic fistulawere discharged home
with a drain in situ if clinically well. These patients were reviewed
in clinic at 1–2week intervals and the drain subsequently removed
when the fistula had healed. The primary end-point was diagnosis
of POPF and secondary outcomes were complications.
Statistical methods
Initially, demographic and surgical factors were compared be-
tween those patients who did and did not develop POPF.
Continuous variables were not normally distributed, and were
therefore reported as medians and interquartile ranges (IQR),
with Mann–Whitney tests used for comparisons between
groups. Comparisons of discrete variables were performed using
Fisher’s exact tests. The predictive accuracy of DFA on day 1 was
then assessed using ROC curves. Further measures of predictive
accuracy were then calculated, based on a range of cut-off values
for DFA1. A subgroup analysis was also performed, calculating
the area under the ROC curve (AUROC) for DFA1 within a range
of different patient subgroups, to assess whether the predictive
accuracy varied across factors. All analyses were performed using
IBM SPSS 22 (IBM Corp., Armonk, NY), with p < 0.05 deemed
to be indicative of statistical significance throughout. Patients
with missing data were excluded on a per analysis basis.Results
One hundred and fifty-three patients underwent distal pancrea-
tectomy during the study period. The study group consisted of 53
patients inwhomDFA1was available. Themedian age of the study
group was 64 years and there were 26 males and 27 females. The
pathological diagnoses were neuroendocrine tumour (n = 17),
adenocarcinoma (n = 15), mucinous cystic neoplasm (n = 5)
chronic pancreatitis (n = 3), intra-ductal papillary mucinous
neoplasm (n = 3), pseudopapillary tumours (n = 2) and other
(n = 7). 24 patients in the study group underwent laparoscopic
resection and 29 patients had open surgery. Overall, POPF
developed in 28 patients (53%), the vast majority of which were
grade A (21 out of 28). 7 patients (13%) developed a clinically
significant POPF (grade B – 6; grade C – 1). Table 1 compares a
range of factors between those patients who developed POPF, andHPB 2018, -, 1–6 © 2017 Published by E
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(2018), https://doi.org/10.1016/j.hpb.2017.08.016those that did not. This found no significant differences for any of
the demographic or surgical factors considered, although there
was a trend for higher fistula rates in laparoscopic surgery (67% vs.
39% in Open, p = 0.058). There was no difference in hospital stay
between those patients who developed POPF and those without
(median number of inpatient days 6 (IQR 5–8) vs. 6 (IQR 5–11),
p = 523). One patient died on post-operative day 88 due to res-
piratory failure without evidence of POPF. As anticipated the
number of complications was higher in those with POPF. Four
patients developed intra-abdominal collections, two required
percutaneous drainage with one patient requiring re-laparotomy.
Six patients developed complications unrelated to POPF, with no
difference between the groups (Table 2).
Median DFA1 was found to be significantly higher in patients
who developed POPF (3468 vs. 442; p < 0.001). ROC analysis
(Fig. 1) returned an AUROC of 0.91 (SE = 0.04, p < 0.001) for
the prediction of POPF using DFA1. The ability of DFA1 to
identify patients at risk of clinically significant POPF (grades B
and C) was found to be non-significant (AUROC = 0.65,
SE = 0.08, p = 0.207). The predictive accuracy of a range of
different cut-offs of DFA1 was then assessed (Table 3). No pa-
tients (0/14) with a DFA1  600 developed a POPF, compared to
28/39 patients (72%) with a DFA1 > 600, yielding a sensitivity
and specificity of 100% and 56%, respectively.Discussion
Distal pancreatectomy consists of resection of that portion of
pancreas extending to the left of the midline and not including
the duodenum and distal bile duct.8 Current indications include
malignant tumours, cystic neoplasms, pseudocysts, chronic
pancreatitis and trauma. Due to advances in surgical technique
and perioperative care, mortality after distal pancreatectomy is in
the range 0.9–1.4%.11,12,9 However, morbidity occurs in up to
one third of patients undergoing distal pancreatectomy, with
POPF the most frequent complication. The reported incidence of
POPF is 2–64.9%10–12 within high volume centres and if left
untreated can result in leakage of pancreatic enzymes into the
peritoneal cavity which is associated with major complications
including intra-abdominal collections, post-pancreatectomy
haemorrhage8,13 and delayed gastric emptying.14,15
In this study we report that a DFA1 of less than 600 excluded
POPF with 100% sensitivity.
With higher DFAvalues the sensitivities and predictive value of
excluding a POPF diminished. The value of DFA1 did not
correlate or predict the grade of fistula. In the current series we
report no mortality but POPF occurred in 53% patients which is
higher than many standard published series. Of this cohort 75%
were Grade A fistulas which represent sub-clinical leakage of
amylase rich fluid from the pancreas which had no effect on the
clinical course of the patient. Possible explanation for this may be
the introduction of laparoscopic resections to the series and the
associated learning curve. It is likely that in a number oflsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.
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Table 1 Patient and surgical characteristics
Overall (N [ 53) Fistula p-Value
No (N [ 25) Yes (N [ 28)
Age 64 (54–72) 69 (51–72) 64 (54–73) 0.798
Gender 0.275
Female 27 15 (56%) 12 (44%)
Male 26 10 (38%) 16 (62%)
Indication 0.373
Adenoca 15 9 (60%) 6 (40%)
NET 17 6 (35%) 11 (65%)
Other 21 10 (48%) 11 (52%)
Type of operation 0.098
Lap 24 8 (33%) 16 (67%)
Open 29 17 (59%) 12 (41%)
Stump 0.400
Staple 24 9 (38%) 15 (63%)
Suture 27 14 (52%) 13 (48%)
DFA on day 1 1718 (559–3512) 422 (173–953) 3468 (1780–6513) <0.001
Data reported as median (IQR), with p-values from Mann–Whitney test, or as N (%), with p-values from Fisher’s exact tests, as applicable.
Bold p-values are significant at p < 0.05.
HPB 3publications there has been under-reporting of POPF particu-
larly in the pre-ISGF era.
The risk factors for POPF correspond to both patient-related
and technical-related factors. The specific patient-related factors
includemale gender,16 high BMI,17 decreased serum albumin and
high American Society of Anaestesiologist grade13 and diabetes.18
The texture of the gland in particular a soft pancreas with fatty
infiltration and other anatomical features including small
pancreatic duct and thick pancreatic remnant have been shown in
retrospective series as independent risk factors for developing
POPF.13,16,19,20 However, the surgeon’s description of the
pancreatic gland as soft or firm is subjective and often inconsis-










Urinary tract infection 1
Acute kidney injury 1
Haematoma 1
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(2018), https://doi.org/10.1016/j.hpb.2017.08.016stump are suture closure of the pancreatic duct or stapled closure
of the parenchyma.22,23 Since it was first described in 1979 it has
gained popularity as a simple and effective method of paren-
chymal transection.12 The European Distal Pancreatectomy Trial
Group compared hand-sewn closure with a stapling device and
did not observe any significant difference in the incidence ofFigure 1 ROC curves for day 1 DFA
lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.
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Table 3 Predictive accuracy using different day 1 DFA cut-offs
Cut-off value Fistula rate Sensitivity Specificity PPV NPV
£Cut-off value >Cut-off value
300 0/10 (0%) 28/43 (65%) 100% 40% 65% 100%
600 0/14 (0%) 28/39 (72%) 100% 56% 72% 100%
1000 4/24 (17%) 24/29 (83%) 86% 80% 83% 83%
2200 8/32 (25%) 20/21 (95%) 71% 96% 95% 75%
4 HPBPOPF.23 Three meta-analyses on this topic have been performed.
The first two did not show any difference between the two
methods of closure24,25 however the most recent review indicated
that stapler was associated with a lower incidence of POPF
compared with suture closure.26 Several adjuncts have been
described to reduced the incidence of leak at the transection site.
Nakamura et al. described a technique of “prolonged peri-firing
compression” with a linear stapler decreased the incidence of
POPF.27 This is believed to reduced trauma to the pancreatic
ductules.28 Other methods to reinforce the stump include
coverage with autologous tissue,29 fibrin glue30,31 and fibrin
sealant patch.32 A recent Cochrane review failed to identify any
evidence that fibrin sealants prevent POPF.33
The majority of POPF are managed conservatively with
adequate drainage and antibiotics if there is evidence of systemic
sepsis. Surgical drains were routinely placed at the end of the
procedure. Typically located at the transection surface they can
assist with detection of POPF and invariably provide adequate
treatment in preventing complications by evacuating leaking
pancreatic juices. Further radiological intervention for collections
may be required if this provides inadequate drainage. In addition
drainsmay also allow early identification of bleeding at the surgical
bed.34 There is abundant evidence in the literature from rando-
mised clinical trials and meta-analysis that routine drainage after
major gastrointestinal procedures increases infective complications
particularly when left in place for prolonged periods of time.35,36
The evidence following pancreatic resection is less clear. In a
non-randomised trial of 104 consecutive pancreatic head re-
sections early drain removal on post-operative day 4 was shown
to be an independent factor in reducing complications.37 In a
single centre randomised clinical trial, Conlon evaluated the role
of routine intra-peritoneal drainage in 179 consecutive
pancreaticoduodenectomies and found that omission of drains
had no effect on morbidity or mortality.38 The evidence that
drainage after pancreas resection is harmful was challenged in a
recent multi-centre randomised clinical trial involving 137 pa-
tients. Van Buren et al. reported a significantly increased mor-
tality (3% vs. 12%) in the group without peritoneal drainage,
resulting in early conclusion of the trial.7 The concept of early
and selective drain removal has been suggested as an effective
compromise. In a randomised control trial Bassi et al. compared
removal on day 3 vs. day 5 with decreased incidence of POPF
with DFA1 < 5000 U/L.39 Most series report primarily or
exclusively on pancreaticoduodenectomy and there is a lack ofHPB 2018, -, 1–6 © 2017 Published by E
Please cite this article in press as: Vass DG, et al., Utility of drain fluid amylase m
(2018), https://doi.org/10.1016/j.hpb.2017.08.016data on drain management after distal pancreatectomy. In a
retrospective review of 69 patients Paulus et al. reported
morbidity in 49% of patients but did not observe a difference
between the groups with no drainage.34 In addition the presence
of drains was infrequently helpful in identifying complications.
Early prediction of whether a patient is at low risk of POPFmay
help identify patients suitable for early drain removal. There is
now growing evidence from a number of studies that measure-
ment of a low DFA1 following pancreaticoduodenectomy can
accurately exclude pancreatic fistula whilst being a simple and
economic test.40 Molinari et al. identified a cut off value of DFA1
of 5000 U/L predicted a POPF with a sensitivity and specificity of
93 and 84% and positive and predictive values of 59% and 98%
respectively.41 Sutcliffe et al. used a value of 350 U/L with a 100%
sensitivity in developing pancreatic fistula.2 In a recently
published meta-analysis of drain amylase content on post-
operative day 1 Gigilo et al. reported its accuracy in predicting
POPF.42 Cut off analysis of DFA <100, <350, <50,000 U/L had
pooled sensitivities of 0.96, 0.91 and 0.59 with specificities of
0.5,0.84 and 0.91 respectively. The above studies were heteroge-
nous as they included both pancreaticoduodenectomies and distal
pancreatectomies in their analysis. As a consequence there is a lack
of published data on DFA1 exclusive to distal resections. The first
study to address this was Molinari et al.41 who identified in 36
patients that a cut off DFA1 < 5000 had both a sensitivity and
negative predictive value of 100% after distal pancreatectomy. In a
large multi-centre retrospective review of patients undergoing
pancreatic resection in the United States of America subgroup
analysis of 180 distal pancreatectomies identified that DFA1 of
<90 had a sensitivity and negative predictive value of 100%.43
Overall pancreatic fistula occurred in 17.9% of patients. This
group defined pancreatic fistula as “drainage of amylase rich fluid
with drain continuation >7 days” and it is likely that there is
under-reporting of subclinical Grade A fistulas. Recent work by
Cirocchi et al.44 reported that a DFA1 greater than 5000 was a
predictive factor for pancreatic fistula in a retrospective series of
33 patients undergoing distal pancreatectomy.
The clinical role of DFA1 is that it can stratify patients who are
at low risk of developing POPF and may be candidates for early
drain removal and enhanced recovery after surgery (ERAS).
Work in our institution demonstrated that a DFA1 < 350 after
pancreaticoduodenectomy could successfully select patients for
early diet and drain removal (POD3). This resulted in a reduced
hospital in-patient stay and 30-day readmission rates. In thislsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.
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HPB 5retrospective study we reported no POPF in patients with a
DFA1 < 600 after distal pancreatectomy. Therefore, in this pa-
tient population prolonged intra-peritoneal drainage may offer
no advantage and potentially increase complications. In contrast
to pancreaticoduodenectomy, the role of routine prophylactic
peritoneal drainage after distal pancreatectomy is less clear. In a
retrospective study using propensity matching Behrman et al.
demonstrated that prophylactic drainage of the surgical bed
following distal pancreatectomy is associated with increased
overall morbidity and pancreatic fistula.45 Sub-group analysis
indicated no difference in the incidence of serious morbidity and
clinically relevant fistula. In a large series published by the Me-
morial Sloan Kettering group prophylactic drainage was omitted
in nearly half of patients following distal pancreatectomy. No
difference in the incidence of complications and need for
percutaneous intervention.46 Therefore there may be a role for
‘selective’ early drain removal in patients undergoing distal
pancreatectomy and DFA1 may identify the patient population
in whom its is appropriate for early drain removal.
This study has a number of limitations including its retro-
spective nature. DFA1 was not routinely measured in all patients
and depended on surgical preference therefore a number of
patients were excluded from this study. In addition, heteroge-
neity exists as both open and laparoscopic procedures were
included in the study and methods of stump transection however
the difference in POPF fistula did not reach statistical signifi-
cance between the surgical approach. In conclusion, this retro-
spective study demonstrates that DFA1 can reliably exclude
POPF in patients undergoing distal pancreatectomy. In patients
with a DFA1 < 600 we suggest that it is safe to permit early drain
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